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ABSTRACTt 
Epidermal cells were obtained from human skin epidermis by trypsinization and exposed 
to acetate-l-C14 while maintained in a variety of culture media. Maximum amounts of 
radioactivity were incorporated into all lipids when a complete medium was used. Acetate-
C14 proved to be a more effective precursor than glucose-C14. 
aponifiable lipids were converted to their methyl esters, which were resolved according 
to unsaturation, using silver TLC, and then by GLC. A portion of each ester was con-
densed and its radioactivity assayed by scintillation counting. Another portion was de-
graded to find the per cent of activity in the carboxyl carbon. 
Long-chain acids, with 20 carbons or more, were found to be heavily labelled, with 
high specific activities, with the exception of 20:4. 'I'he distribution of radioactivity did not 
alter greatly with time. The specific activities of lono·-chain acids increased several fold 
with time. 
Data on carboA.'Yl carbon activity suggested the operation of a de novo synthesis of 
saturated acids to c16 and a stepwise elongation of cl6 by c2 units. 
Intact human (1) and mouse kin (2) readily 
incorporate radioactive acetate into skin lipids. 
Enzymatic fractionation of mouse skin into its 
component parts revealed that dermal cells and 
epidermis with adhering adnexal structures re-
tained this capability, wh reas epidermis alone 
and tryp in-released epidermal cells possessed 
only negligible activity (2, 3). ince epidermi 
separated by mechanical methods al o failed to 
utilize acetate to any extent, it seemed unlikely 
that an explanation for thi inability could be 
found in trauma inflicted on the cells during 
tryp inization. hemical methods of i olation of 
pidermi · o·avc similar re ults; Gaylor reported 
that a c ll-free homogenate of rat epidermis, 
which had been separated u ino· ammonia, failed 
to catalyse the incorporation of acetate into 
sterol (4). 
B cause failure of epidermal cells to metabolize 
acetate would preclude the u e of the most 
versatile method for the study of lipid biochemis-
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try in the epidermis, further investigation '"as 
undertaken using cells from human skin. 
MATERIALS AND METHODS 
I solation of cells. Epidermal cells were obtained 
from autopsy or surgical skin essentially by the 
method of Briggaman (5), with the following 
modifications. plit-thickness cutting., (1 em wide) 
were made to a 0.2 mm depth with the kerato-
tome, and these strips soaked for 30 min in Hank's 
solution containing mycostatin (75 units/ ml) in 
addition to other antibiotics (6), before cutting 
into pieces 1 cm2 ·which were floated on 0.3% 
trypsin solution for 20 min at 37° in C02/air (5 : 95). These pieces were collected and rinsed 
twice with saline. Each was transferred to a few 
ml of saline in a 6 em Petri dish and the epidermis 
pulled from the dermis, which could then be 
easily and completely removed from the dish. The 
underside of the epidermis was scraped with a dull 
scalpel, and the cells which separated were col-
lected by centrifugation (800 rpm) and the su-
pernatant discarded. According to the packed 
volume of cells (0.2-0.4 ml from about 75 cm2 of 
skin) sufficient culture medium was added to 
furrush 3-6 cell suspensions of 4 ml each. The 
medium most frequently employed was that used 
in outgrowth studies (6). The cells were dispersed 
by gentle pipetting and the suspension distributed 
in 4 ml portions in 3.5 em Petri dishes, which were 
maintained at 37° in C02/air (5:95). When desired, 
cell counts were made on an aliquot of the sus-
pension using a hemocytometer. 
Labeled precursors. Sodium acetate-1-C14 
(Schwarz ~5423-02E; 41 mC/ mM) was dissolved in 
Hank's solution to give 25 J.LC per ml, and 5 J.LC was 
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.dded to each Petri dish. n-Glucose-UL-C14 (ICN 
. 0119; 210 mC/ mM) was dissolved in the same 
nedium to give 20 J.LC/ ml, and 5 J.LC used per dish. 
:\Iethyl stearate-] -C14 (Applied Science Labora-
tories '1/: 23601, 30 mC/mM) was dissolved in 
hexane with unlabeled ester to give 2 solutions, 
both containing about 103 cpm, and 3 and 29 J.Lg of 
ester per 3 J.Ll of solution, respectively. 
I solation of lipids. After a cell suspension had 
been exposed to a radioactive precursor for a 
desired length of time, incubation was terminated 
bv tramferring the suspension to a small glass 
h~mogenizer (Misco), sedimen ting the cells (1000 
rpm), and removing the medium. Prior to this 
step, the sterility of the preparation was checked 
by retaining drops of the suspension for incuba-
tion with thioglycollate broth and a savarose 
agar slant. If bacterial growth was apparent after 
2 days, results obtained with the suspension were 
discarded. Meanwhile, the cells were washed 
twice with saline, before manual homogenization 
in 2 portions of ethanol-ether (1: 1 v /v; 5 ml), and 
finally in ethanol (2 ml) at 45°, sedimenting the 
cell debris at 2500 g before collecting the super-
natants, which were pooled and evaporated in a 
25 ml RB flask at 60° in a rotary evaporator. The 
residue was extracted with chloroform-methanol 
(2: 1 v /v; 5 ml) containing DL-a-tocopherol (I mg). 
The extract was evaporated; traces of water in 
the residue were removed with a dry nitrogen jet. 
Methanol (5 ml) containing H2S04 (2% ) was added 
and the solution boiled under reflux for 90 min, 
when it was diluted with sodium carbonate solu-
tion (1% ; 20 ml) and extracted twice with hexane 
(5 ml). The pooled extracts were dried (N a2S04) 
and evaporated to a volume of about 0.1 ml. 
Thin-layer chTomatography. The hexane solu-
tion was applied as a streak 3-6 em long, depend-
ing on the original quantity of cells, to 20 cm2 
plates coated with Absorbosil $5 to 0.37 mm 
depth with Rhodamine G dye incorporated in the 
silica for visualization purposes (0.05% in the 
slurry during plate preparation). The plates were 
developed by the method of Haahti (7). When the 
solvent-free plate was viewed in UV light, the 
methyl ester band (yellow) was located, scraped 
off and extracted with dichloromethane. After 
solvent removal, the ester mixture was redissolved 
in hexane and resolved into saturated, mono- and 
polyunsaturated fractions by argentation TLC 
(8). 
Gas-liq-uid chTomatography. Each melhyl ester 
mixture was dissolved in light petroleum and the 
solution volume reduced in a glass microcentrifuge 
tube of 0.5 ml capacity (Misco), using a gentle 
nitrogen jet. Drops of fresh solvent were used to 
wash down the vessel walls, and evaporation con-
tinued to a final volume of 15-25 J.Ll. This was taken 
up in a 25 J.Ll syringe, along with the internal 
standard for injection into the gas chromato-
graph. rdternal standards included methyl palmi-
tate (for mono- and polyunsaturated samples) 
and methyl nonadecanoate (for saturated sam-
ples). These were dissolved in sufficient hexane to 
give a peak about 12 em in height at the attenua-
tion used, when an aliquot of about 4 J.tl 
was injected. 
The gas chromatograph used was a Victore n, 
model 4000, equipped with dual flame ionization 
detectors. Columns 5' X ~6" OD were used and 
packed with 10% EGS -X phase on 100/120 ~e h 
G~s Chrom P. The column effluent was plit, 
usmg a 716 " tee, diverting about X: to th detector. 
The remainder was condensed in la s tube 
(20 X 0.3 em ID) at the collection port. Individual 
esters were transferred to counting vial by rins-
ing the tubes with 10 ml of scintillation fluid. 
When the esters were to be used in further studies 
the tubes were rinsed with hexane (10 ml) and 
aliquots of these solutions (usually 2 ml) placed in 
vials, the hexane allowed to evaporate, and 10 ml 
of fluid added. Conditioned cigarette filter were 
also used to collect peaks which required everal 
minutes to emerge (9). The column was held at 
182°, injector at 250°, and detector-collector at 
275°. Carrier gas was helium, flow rate GO ml/min. 
Scintillation fluid contained 2, 5-diphenyloxazole 
(4 g) and 1,4-bisf2-(5-phenyloxazolyl)]benzene 
(0.05 g) per litre toluene. 'amples were counted in 
a Nuclear Chicago instrument, with 89% 
efficiency. GLC and TLC up plies and reference 
compounds were obtained from Applied Science 
Laboratories. 
Hydrogenation. This was performed as described 
previously (10) except that methanol-benzene 
(1 : 1) was used as solvent. 
Carboxyl mdioaclivily. The procedures out-
lined below were applied to individual methyl 
esters of (a) saturated acids, (b) monounsaturated 
acids which were hydrogenated before GLC 
separation, and (c ) 18:2, after hydrogenation. 
Each ester was saponified by boiling with N 
KOH in methanol-water (9 : 1, 5 ml) for 2 hr, fol-
lowed by acidification (10% HCl), dilution with 
water (15 ml) and extraction with hexane (4 ml). 
After drying (Na2S04), the volume of the hexane 
solution was adjusted to 5 ml and an aliquot 
(usually 1 ml) placed in a scintillation vial, 
evaporated, fluid added, and counted. The re-
mainder was transferred to a Thunberg tube, 
carrier fatty acid (1.5 mg) added, hexane removed 
using a nitrogen jet, and the residue subjected to 
Schmidt degradation, using the method of Goldfine 
and Bloch (11). Finally, the Hyamine solution in 
the side-arm was transferred to a vial with 10 ml 
fluid for scintillation counting. Corrections were 
made for quenching by the Hyamine; the amount 
used (0.3 ml) was found to reduce counts by 8.5% . 
RESULTS 
Radioactive acetate and glucose were incor-
porated into the lipids of epidermal cells. The 
extent to which this occurred was dependent on 
the culture medium used (Table I). Best results 
were obtained with Eagle' Minimum Essential 
Medium (MEM), which has been shown to 
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TABLE I 
Extent of incorporation of radioactivity in 20 
hours into the total lipids of epidermal cells main-
tained in various media containing 5 p.C of either 
1-C1•-acetate or UL-C14-glucose. 
Cpm X 
Precursor Medium 10-a per 
107 cells 
1-C14-acetate Eagle's MEM 88.4 
" Eagle's MEM + serum 73.1 
" Krebs-Ringer buffer 3.9 
" Krebs-Ringer + glucose 23.7 
UL-C14-gl ucose Eagle's MEM + serum 1.3 
" Krebs-Ringer buffer 2.3 
l-•-1 
10-
~X 
cpmxlo·4/\ 
per 10 7 cells 
• 10% serum 
x no serum 
~ -
.1t~.1G. l. Variation of specific activity of cells 
when maintained in media with and without 
serum, and exposed to acetate-C14 for t he last 
24 hours (1--1) of their in vitro lifetime. Cells 
were harvested at the end of this period. 
provide optimum conditions for outgrowth of 
epithelial cells in explants (6). Under the condi-
tions described in this study, acetate was 
markedly superior to glucose, and used in all 
further experiments. 
Using MEM, incorporation of acetate was 
more effective in the absence of serum during 
the first 24 hr period of culture (Fig. 1) . However, 
this situation was markedly reversed if the cells 
were supplied with the precursor for a 24 hr 
period after being maintained in culture for a 
similar length of time. As shown in Figure 1, the 
cells in medium containing serum incorporated 
about 10 times as much acetate after the first 
day as those deprived of serum. Serum was there-
fore included in the media used in later experi-
ments. 
Serial determinations on 3 ~l (29 ~g) samples 
of a standard methyl stearate-1-C14 solution 
showed that each contained an average of 1379 
cpm (S.E. 3.1 o/o) when injected into a vial, and 
965 cpm (S .E. 5.8 %) when collected after passage 
through the gas chromatograph. Thus 965 / 1379 
or 70.0 % of a 29 ~g sample was recovered, reflect -
ing the efficiency of the collection process and the 
diversion of a portion of the sample to the de-
tector. Similar estimation on small (3 ~g) 
samples showed that recovery was equally effec-
tive, 69.1 o/o being obtained with the same order 
of precision. Using this information, radioac-
tivity counts on all experimental fatty acids 
were increased by 3/7 after background correc-
tion. 
The mass determination of individual fatty 
acids was accomplished by area measurement 
(height X width at half-height) of individual 
GLC peaks. Serial injection of the 3 ~l methyl 
stearate standards used for the estimation of 
radioactivity recovery gave recorder peak whose 
mean areas had S.E. of 3.5% for the 29 ~g and 
6.7 o/o for the 3 ~g samples. In each experimental 
chromatogram a ~g/cm2 value was obtained 
from the area of the internal standard peak, and 
used to evaluate peak areas in terms of mass. 
Following their trypsin-mediated release, cells 
derived from kin from 6 different subjects were 
suspended immediately in MEM with serum and 
acetate-C14 for 20 hours. After harvesting, their 
total fatty acids were examined by the above 
techniques. Table II containes data on the mean 
percentage occurrence and the amount of radio-
activity associated with each acid. Palmitic 
(16:0), stearic (18:0), and octadecenoic acids 
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TABLE II 
Extent of occurrence (center) of individual 
i atty acids (left) and distribution of radioactivi ty 
right) after exposure of epidermal cells to 1-C14-
acetate in Eagle's MEM with serum for 20 hours. 
Mean values from 6 experiments are quoted, with 
s tandard errors in parentheses. 
Fatty acid Per cent of total Per cent
 of total 
acids (S.E.) radioactivity (S.E.) 
14:0 1.1 (± 0 .3) 6.6 (± 1.8) 
16:0 20.6 (1. 5 ) 14.3 (3.4) 
16:1 2.6 (1.2) 2.3 (1.1) 
1 :0 15.3 (1. 7 ) 12.4 (2. 2) 
18:1 21.4 (2.0) 6.5 (1. 7) 
18:2 20.3 (3 .4) 8.4 (1. 9) 
18:3 0.4 (0.1) 0.9 (0.4) 
20:0 1.2 (0. 3) 9.4 (1. 7) 
20:1 0.7 (0.2) 6.5 (1. ) 
20:2 0.4 (0.1) 4.5 (1. 2 ) 
20:3 1.3 (0. 3) 3.0 (0. 5) 
20:4 6.2 (1.1) 0.1 (0.1) 
22:0 2.0 (0. 9) 11.9 (2.4) 
22:1 0.7 (0.2) 4.8 (0. 5) 
24:0 2.7 (1. 3) 13.7 (4.0) 
26:0 2.7 (1. 5) 2.8 (1. 9) 
20-
rs:o X 
" "'-x 15-
--------X--X 18:0 % ~ 
• 20: 0 10- X X J8:2 
~- ~ ~ • 18:1 ~ : :: 14:0 5- 20 :1 
o-
16:1 
5 10 15 20 25 30 
time (hours) 
FIG. 2. Variation of distribution of radioac-
tivity among the principal fatty acids when epi-
dermal cells were exposed to C 14-acetate for 
varying lengths of time (one experiment). 
formed 77 % of the total acids present. Ho·wever, 
acid with lono·er chains (C2o and over) po sessed 
56 0 of the radioactivity although accounting for 
only 17 % of the total acids. Odd -carbon chains 
(e.g., 17:0, 23:0) were observed in very mall 
amounts (total about 2%) , and as they were not 
heavily labelled they were not studied further. 
Only slight radioactivity was detected in 20:4 
(tentatively identified as arachidonic acid) al-
thou h this acid wa fairly abundant (6.2 %) . 
ells derived from 1 piece of skin were divided 
into 6 population , each of which was exposed to 
acetate-l-C14 for a different len th of tim (2-33 
hour ) before harve t. The mann r in which the 
distribution of radioactivit might vary ' ith 
time could then be a d. It "a found that 
this was reasonably constant (FiO'. 2). Th fatt r 
acid compo ition did not alter during thi xpen-
ment. 
The variation of pecific activit \vith time of 
individual acid was obtained from the above 
data, and i hown in Figure 3, 4, a.nd 5 for 
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FIG. 3, 4, 5. Variation of specific activities with 
time for saturated (Fig. 3), monounsaturated 
(Fig. 4), and polyunsaturated (Fig. 5) fatty acids. 
13. THE JOURNAL OF INVES'fiGATIVE DERMATOLOGY 
TABLE III 
Per cent of each fatty acid's radioactivity 
which is associated with the carboxyl carbon; 
each% value is the mean of 4 experiments. The 
right-hand column contains the calculated % 
which would e carried by this carbon if de novo 
synthesis of even-numbered chains from l-C 14 -
ac tate were the sole synthetic route. 
Fatty acid 
14:0 
16:0 
16:1 
1 :0 
1 :1 
1 :2 
20:0 
20:1 
22:0 
22:1 
24:0 
26:0 
Observed per 
cent (S.E .) 
25.9 (± 4.0) 
14.9 (3. ) 
57.3 (13 . 9) 
67.1 (8.7) 
67.5 (11.4) 
74.8 (12 . 3) 
1.1 (5 .1) 
79. (4.0) 
51.4 ( .3) 
49.4 (G .3) 
39.4 (1. 7) 
25.9 (10 .4 ) 
Per cent for 
de novo 
synthesis 
14.3 
12.5 
11.1 
10.0 
9.1 
8.3 
7.7 
saturated, monoun ·aturatrd, and polyun ' at-
m·ated acid re pectively. Lonu·-chain ( > C2o) 
acids had high specific activiti s, and in the 
aturatcd erie it wa noted thai 24:0 > 22:0 > 
20:0 > 26:0 etc. in order of dccrca ·ing activity. 
Monoun aturated acids of any chain length al-
way had lower value than the aturated com-
pounds. Polyun aturatecl acids howed very high 
(22: 2) and e ' tremcly low (20: 4) specific ac-
tivitiC' . Diun aturatcd (' 18 had rather higher 
valu than 1 :1. 
ll ' fmm skin from 4 different donors were 
expo eel to ac tate for 24- hour , and their fatty 
a id . ubjccLed to the k chmidt reaction to liberate 
0 2 from t.hPir ca.rbOA]'l function. In each ca e, 
radioactivity of the C02 wn~ Pxpre:-;.-ed as a per 
crnt f t.h(' radioactivity or the acid before break-
down. The avera r' nlluc arc di:-;played m 
Tnbl Ill and arc oi ' ell i58Cd below. 
DJ~C SS!ON 
Prcviou · report ' from other soUI'l'<' , han~ e~­
tabli h that tryp~ inization of cpidermi from 
p tembry ni human kin (5) or hairle s mou e 
·kin (1 ) pr du e n. mixtur of viable ba al and 
cliff r ntiat ing llular pe i , in luding cell 
tra.n itional betwe 11 the wo type . equ ntial 
han tin r f the two main typ ha b n ac-
mpl' he u inu pr par ti n from mou e (1 ) 
or new-born rat skin (12), but the po sible 
existence of differences between the lipid metabo-
lism of the two types has not been investigated. 
Laerum has concluded that their respiratory 
activitie are similar (18). Certainly no evidence 
of two separate metabolisms wa obtained in 
this tudy. 
It was found that the conditions best -suited 
for culture of epidermal cells were also most 
favorable for the uptake of acetate into their 
lipids. The data of Table I represent incorpora-
tion into all classes of lipids. Before the com-
mencement of these experiments, the presence of 
serum (10%) in the culture medium was viewed 
as a pos ible handicap, because Bailey had re-
ported that the utilization of acetate by fibro-
bla. t adapted to growth in serum-free media 
was almost entirely inhibited by serum at this 
concentration (13). Gluco e-C14 was considered 
a an alternative precursor as Bailey found that 
its incorporation was not affected to the same 
extent by erum. A expected, epidermal cells 
eli persed in I{ElVI without erum exhibited 
higher levels of radioactivity than those supplied 
with thi factor, when acetate-C14 was added to 
the medium during the first few hours of their 
in vitro lifetime. However, the situation was 
reversed when the addition of the precur or wa 
delayed for 24 hours or more from the time that 
the cell were first su pended in the medium. 
s indieated in Figure 1, the pre ence of serum 
eemed to induce a lag period at the start of the 
experiment. 
The reasons for the failure of others (2) to 
accomplish the incorporation of acetate into 
lipids of cpiderma 1 cell of mouse kin may lie 
in (a.) their u e of acetate \vith low pecific ac-
tivity (2 mC / mM a compared with 41 mC/ mM 
used in thi study), (b) multiple exposure of the 
cell to tryp in during isolation, \\'ith resulting 
att nuation of their viability, although weaker 
(0.1 o/o) olutions '';ere used, and (c) incubation 
in pho::;phate buffer alone, even with addition of 
glucose. 
The a -liquid chromatographic separation of 
fatty acid methyl e ters i u ually achiev d , •. ;ith 
a polye ter tationary pha e. However, the over-
lap of at lea t ome peak i unavoidable. For 
in tance, peak repre enting 20:4 and 22:1 are 
frequ ntly coincident, and in the present tudy, 
the ver low level of radioactivity in the former 
would remain undetected if the ntire sample were 
applied to the column. For this rea on, meth} l 
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ester mixtures were resolved into saturated, 
mono- and polyunsaturated (di- and higher) 
fractions prior to GLC eparation. Although 
obviou ly more laborious, this technique per-
mitted a more accurate a es ·ment of radio-
activity. 
The high specific activitie of the acid with 
longer chains has been noted before by Brookes, 
Godefroi, and Simpson when using whole mouse 
kin (3). The e investigators also showed that 
when epidermi with intact adnexa wa expo ed 
to acetate, arachidonic acid (20: 4) had the 
highest pecific activity of all acid pre ent. 
From this they concluded that it wa actively 
ynthe ized in the upper dermis . In contrast, in 
the present tudy, 20:4 "'·as found to be very 
lightly labelled. This indicate that it may have 
a very slov,· turnover rate in pho pholipid. 
performing a tructural role in the cells. 
~sually the amount of radioactivity as oci-
ated with the carboxyl carbon of each fatty acid 
is expre sed in its ratio to the total amount in the 
molecule. In Table III percentage figures are 
u ed to facilitate tati tical calculations. The e 
figures indicate " ·hether acetate wa incorporated 
throughout the chain, as in complete de novo 
ynthesis, or by elongation of pre-existing acids 
by C2 units. For in tance, the use of eight Cz 
unit in the former process could elaborate pal-
mitic acid (16:0) with a ratio of 1:8 or 12.5 % of 
the radioactivity in the carboxyl function. From 
the observed value of 14.9 %, one may deduce 
that this pathway is operative in epidermal cell . 
Theoretically, when chain elongation of endog-
enous acid '"·ith one C2 unit is the synthetic 
mechani. m, radioactivity i located exclusively 
with the carboxyl. This route is obviously more 
ignificant in the ynthe~i of (\ and longer 
chains. The fact that C2o acid have a hioher inci-
dence ( 0%) of carboxyl labelling than C\s (67 %) 
may be due to the pre ence of an additional de 
novo pathway for C 18, as ha. been ob. erYed in the 
format ion of cerebroside fattv acid (14). Th e 
progre ive decline between ('20 and c26 may be 
explained by the effect of srn'ral ucre.' sive 
additions of c2 unit ' to an intermediate length 
chain. In general, saturated fatty acids of epider-
mal cells are apparently produced by proces. e 
imilar to those tudied in many other cellular 
Yv em . Further detail \rill be ought at the 
. ubc.ellular level. 
\Yith the exception of 16:1, each monoun-
aturated acid had the arne percentage of radio-
activity as ociated vvith it carboxyl carbon as it 
aturated counterpar . However, the ob iou 
deduction that direct desaturation of the latter 
occurs mu t be qualified by con ideration of pro-
po ed cheme for the biosynthe is of un aturated 
acid in epidermal cells (15), vernix ca o a (16), 
rat sebaceous gland (17) and elsev,·here. Gen-
erally, these ugge t that un aturate are pro-
duced in all skin compartments by L\ 6 and L\ 9 
clesaturation, followed by chain elongation by 
C2 unit . Hence each monoene contain a number 
of positional isomers, of which only one or two 
are formed by desaturation of the parent satu-
rated chain. 
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